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for  the  extremely  rigid  requirement  for  stability  of  notion  in  the 
vehicles,  which  restricts  the  aaplitude  of  vertical  aoveaent  of 
design  elements  to  indicated  limits. 

In  the  present  article  we  discuss  the  problem  of  static 
stability  in  vehicles  which  have  two  airfoils  - a leading  and  a 
trailing  ("tandem"  system)  - separated  by  a certain  distance, 
determined  by  the  length  of  the  cabin  body. 

Here  it  is  assumed  that  the  main  load  is  carried  by  the  trailing 

wing,  which  has  greater  dimensions  and  elongation  (aspect  ratio)  per 
unit  length:  the  leading  wing  serves  to  increase  the  arm  of  the 
developing  moment. 

In  the  general  case  the  wings  may  have  different  angles  of 
attack  at£,  aspect  ratios  - Xt* , chords  - b^  , and  relative  distances 
from  the  screen  h4*  = ht/bt*.  He  must  determine  wbat  combinations  of 
these  elements,  and  also  what  position  of  the  center  of  gravity  along 
the  vehicle,  will  assure  the  greatest  restoring  moments  in  the  case 
where  the  vehicle  steadily  deviates  by  a snail  angle  from  the 
calculated  position. 

■e  will  assume  that  the  angle  of  deviation  is  so  small  that  the 
shift  in  the  pressure  centers  of  the  wing  can  be  ignored. 
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the  Magnitude  of  the  lifting  force  of  the  wing  is  deternined  as 


follows  [ 1 3 


>K  - is  the  edge  angle  of  attack 


♦»  - 1 _ (1+  rt«(_T*  + t*  _£,•  + * «•  _ * ,«.)  ; 

5=1—  0,5t*  — 0,25tJ  — 0,0625tJ  —0,0469c*  — 0,0237c‘°  — 0.0188x‘* 


«»0.5t*  — t*  + 0.913t* 
— 0,625c* + 0.312&r» 


For  the  segnented  wings  which  rectaiigular  in  pepective,  studied 
in  the  given  case*  r,  » 0-171;  K » 1;  6 = 0.06;  Kt  * 1,  ot0  * 2°. 
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Proa  statics  conditions  (Pig.  1)  we  can  write 

P,  . D - D/,. 

The  change  in  the  lifting  force  on  the  trailing  wing  with  the 
change  in  angle  of  attack  by  guantity  ha 


AP1-£a«+£a*-^'-£siA«  + '-£stAA. 


Bearing  in  nind  that  ah  * -ltha,  and  also  considering  (2)  t we 


» D (1  — /*) ^ ^ • 


where  b(  * l/bt  and  h 3 h/b,. 


Deter ained  analogously  is 


where  b«  = J/b*. 


The  restoring  nonent  in  this  case  is  deterained  as  follows: 
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the  statics  condition: 


(9) 


However*  realization  of  this  equation  for  the  eliaination  of  one 
of  the  paraaeters  is  difficult  because  of  significant  complication  of 
the  eain  dependence  (8) . 


. 


■ 


Deter  lining  the  extreaa  of  function  ua  by  the  standard  aethod, 
by  calculating  the  derivatives  with  respect  to  independent  variables, 

| and  particularly  ] 

is  extrenely  awkward  and  complex*  since  quantities  Ti^  and  a"^  are 
contained  in  expression  (8)  in  iaplicit  fora.  Thus,  the  study  is 
conducted  by  the  calculation-graphic  aethod. 


dC 

First*  the  C-  values  are  determined.  For  this  derivatives 
and  are  calculated  within  the  following  Halts: 

h — 0,05  — 0,3;  X = 2 — 5;  a«2— 10°. 

I 

The  indicated  Halts  were  selected  fron  the  condition  of 
optimality  of  the  wings  (assuring  the  highest  quality  value  k = 

Cy /CK ) and  froa  design  considerations  (the  leading  wing  must  have  a 
somewhat  lower  aspect  ratio).  Siace  * aad*  consequently,  also  C4*, 


f 
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r _ „2  + «° 
£,  = o —4—  - 


The  values  of  a are  given  in  Fig.  2. 


Depending  on  attack  angles  a^  and  the  values  of  lt  the  liaits  of 
change  in  values  Ctbt  and  C*b*  (Tables  1-2)  were  deterained.  Here  it 
was  assuaed  that  ha  * 0.05-0.2;  Xt  = 2-5;  at  =*  4-10°;  ”h2  = 0.05-0.2; 
X2  - 2-4;  a 2 * 2-10°. 


Calculated  in  the  range  of  = 0. 1-0.6  and  at  * 4-10°  were 
guantities 


jJU,  = 71(l-/l)(l-C1fA)£, 

Tfu,  •»  (1  — M h*l 


at  two  fixed  values  of  C^b^.,  egual  to  1 and  7. 


The  straight  lines  passing  through  tire  obtained  points  on  curves 
with  coordinates  ih.,—  and  m*—  CA  # respectively  (Figs.  3-4), 
deteraine  the  value  and  *«.  at  fixed  eagles  of  attack  and  different 
values  of  ti  or  different  values  C^b^. 


Here  and  henceforth  the  syabol  aa  denotes  relative  values  of  the 
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derivative  of  the  restoring  aoeent  with  respect  to  the  angle  or,  in 
other  words,  the  eagnitude  of  increase  in  the  relative  recovery 
■oeent  during  deviation  of  the  vehicle  by  an  angle  equal  to  one 
.radian.  To  determine  the  aoaent  which  develops  during  deviation  of 
the  vehicle  by  1°  we  aust  divide  this  quantity  by  57.3. 

The  limiting  values  C£  bj,  for  each  value  h are  determined  on  the 

indicated  straight  beams  of  the  points  corresponding  to  the  upper  and 
lower  limits  m«,  which  can  be  obtained  for  the  given  and  Jt.  In 
this  case  we  are  aot  interested  in  the  lower  limits.  The  upper  limits 
are  determined  by  the  family  of  curves  cf  constant  values  of  ti- 

As  we  see  from  the  carves  (Pigs.  3-4),  the  component  of  the 
restoring  moment  m«,  and  m«,  attain  their  highest  values  at  minimal 
angles  of  attack  of  the  trailing  wings  and  the  maximal  angles  of  the 
leading  for  completely  determined  values  of  C; b;.  Here  the  limiting 
values  of  ft./  are  to  a certain  degree  conditional,  since  generally 
the  aqgles  of  attack  can  exceed  the  limits  of  the  selected 
boundaries,  which  leads  to  a considerable  decrease  in  the  quality  of 
the  wings.  For  this  reason  determining  m„  outside  of  the  indicated 
limits  is  not  of  practical  interest. 

However,  the  values  of  ft./,  which  correspond  to  fixed  values  of 
the  angles  of  attack  «£  and  relative  arms  it  are  completely 
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determined  quantities  which  determine  the  restoring  nonent  for 
specific  vehicle  paraneters. 


In  order  to  deternine  which  coabination  of  angles  of  attack  of 
the  leading  and  trailing  wing  will  give  the  naxinua  restoring  moment 
during  deviation  of  the  vehicle  by  1°  it  is  sufficient  to  plot  curves 
of  the  sua  m*  for  the  sane  values  of  lt  and  different  angles  at  and 


As  an  example  of  the  obtained  dependence  Fig.  5 shows  the  values 
cf  aa  for  at  = 4°  and  different  values  lt  and  a2. 


For  other  ax  values  the  nagnitude  of  aM  can  be  calculated  with 
sufficient  accuracy  by  the  following  approximate  formula 


i.  = + b (a*  — 4°). 


Values  of  b for  different  values  of  t»  are  shown  in  Fig.  6, 


i 


It  is  obvious  that  quantity  have  a maximum  which  is  not  very 
pronounced  at  ti  **  0.35.  At  lower  values  h the  magnitude  of  iTg 
declines  drastically  with  a decrease  in  la,  and  at  lt  * 0.  4-0. 6 is 
virtually  independent  of  are  it.  An  increase  in  the  angle  of  attack 
of  the  leading  wing  ag  leads  to  a certain  increase  in  guantity  m^. 
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Figure  7 shows  the  values  of  aaziaal  aoaent  70  which  can  be 

obtained  in  the  studied  range.  These  correspond  to  the  aaxiaa  of 
curves  sinilar  to  those  presented  in  Fig.  5.  In  all  cases  these 
aazina  correspond  to  values  lt  0.35. 


The  obtained  results  perait  us  to  solve  the  following  probleas: 


a)  aake  a rational  selection  of  the  eleaents  of  the  airfoils  to 
provide  naxiaun  duration  of  vehicle  stability  at  full  speed; 


b)  deteraine  the  aagnitude  of  restoring  aoaents  for  a vehicle 
with  known  eleaents; 


c)  deteraine  the  values  of  restoring  aoaents  for  the  different 
aoving  regiaes  of  the  vehicle. 


The  first  of  these  probleas  can  be  conveniently  solved  in  the 
following  order:  If  we  aust  obtain  the  aaziaal  values  a^and  the 

overall  design  allows  us  to  do  this,  then  guantity  h should  be 
selected  egual  to  0.3S,  while  angles  ca  and  az  should  be  ainiaal 
(although  we  aust  consider  the  possibility  of  a considerable  less  in 
guality  for  very  low  angles  of  attack) . Rhen,  however,  due  to  the 


conditions  of  the  overall  arcangeaent,  the  optiaal  value  of  the  ara 
cannot  be  perserved,  then  it  can  be  increased  if  the  angles  of 
attack  of  the  leading  wing  are  relatively  large. 


Decreasing  loads  to  a considerable  decline  in  the  restoring 
aonent.  In  any  case,  according  to  the  curves  presented  in  Fig.  5 and 

foraula  (12)  ve  can  easily  estiaate  the  aagnitude  of  soaent  loss  as  a 

1 

result  of  deviation  froa  optiaal  ratios. 


Froa  the  values  lt,  at • and  a2  thus  selected,  on  the  curves 
(Figs.  3-4)  the  values  of  Ctbj  and  C2b2  which  correspond  to  then  are 
deterained  by  interpolation. 


These  values  in  turn  depend  on  the  following  factors:  angles  of 
attack  a|  and  ac,  chord  of  wings  bt  and  b 


relative  distances  froa 


screen  ha  and  h*,  and  relative  aspect  ratio  of  the  wings  Xa  and  x2 


Since  mt  and  «2  are  already  deterained,  then  we  now  select  six 
quantities  - bt,  bt,  ht,  hs,  Xt  and  X*  - which  are  related  by  three 
equations  - the  equation  of  (9)  and  equations: 
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Thus,  three  paraaeters  reaain  undeterained  and  are  selected  by 
design  consideration.  Consequently,  the  designer  still  has  a vide 
range  of  possibilities  for  selecting  the  three  independent  paraaeters 
vithout  inpairing  static  stability,  sinoe  conditions  (13) 
autonatically  assure  the  restoring  aoaent. 


Deter aining  the  values  of  restoring  aoaenta  for  a vehicle  with 
known  eleaents  of  the  lifting  systen  is  reduced  to  calculating  values 
C^b^,  deteraining  the  accoaponents  froa  the  curves  on  Pigs.  3 and  4, 
and  subsequent  sun nation  of  thea. 

The  third  of  these  probleas  is  solved  in  a siailar  aanner, 
provided  ve  have  a diagraa  obtained  through  calculation  or  experiaent 
for  the  landing  (distances  froa  screen  and  angles  of  trie)  for  the 
vehicle  at  different  rates  of  notion.  Values  h^  and  with  the  tria 
and  the  trajectory  of  notion  of  the  vehicle  considered  are  introduced 
into  the  calculation. 
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